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Abstract
Study of high multiplicity events in proton-proton interactions is carried out at the U-70 acceler-
ator (IHEP, Protvino). These events are extremely rare. Usually, Monte Carlo codes underestimate
topological cross sections in this region. The gluon dominance model (GDM) was offered to de-
scribe them. It is based on QCD and a phenomenological scheme of a hadronization stage. This
model indicates a recombination mechanism of hadronization and a gluon fission. Future program
of the SVD Collaboration is aimed at studying a long-standing puzzle of excess soft photon yield
and its connection with high multiplicity at the U-70 and Nuclotron facility at JINR, Dubna.
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I. INTRODUCTION
Multi-particle production remains an actual theme of modern high energy physics. The
SVD Collaboration studies proton-proton interactions at the U-70 accelerator of IHEP,
Protvino [1] (experiment E-190) with a high number of secondary particles (mainly, pions)
p+ p→ 2N +Npipi, (1)
where N is a nucleon and Npi is a number of pions. The energy of the proton beam is equal
to 50 GeV, the average charged multiplicity N ch at this energy is equal to 5.45. Pions are
hadrons copiously produced at this energy. We study the high charged (Nch) and high total
(Ntot) multiplicities that are larger than the average ones. The kinematical limit is defined
from a condition of all kinetic energy transformation of colliding protons into the mass of
pions
Nthresh ' (
√
s− 2mp)/mpi. (2)
At 50 GeV/c the kinematical limit is equal to approximately 59 pions. The experiment
is carried out at the SVD (Spectrometer with Vertex Detector) setup located at the U-70
accelerator of IHEP, Protvino [1, 2]. Its main elements are a hydrogen target, a silicon
vertex detector, a drift tube tracker, a magnetic spectrometer (proportional chambers and a
large magnet) and an electromagnetic calorimeter [3]. The setup registers charged particles
and photons. The high charged multiplicity events are extremely rare. The scintillator
hodoscope (a high multiplicity trigger) was manufactured to suppress registration of small
multiplicity events and to register events with multiplicity higher than a given level [4].
It is known that Monte-Carlo event generators are often mistaken in their predictions
of topological cross sections in the high multiplicity region [5]. They usually underestimate
them. The existent models give diverse predictions of high multiplicity behaviour [6]. So the
experimental and following theoretical studies are necessary. The SVD Collaboration has
advanced in measuring topological cross sections of pp interactions [1, 2] with high charged
multiplicity. Previous Mirabelle data [7] were renovated for Nch from 10 up to 16 and we
have added 4 new points from 18 up to 24. The topological cross section at the last observed
point, Nch = 24, is three orders of magnitude lower than it was obtained by the Mirabelle
Collaboration at Nch = 16.
Neutral particles, photons, are registered by the electromagnetic calorimeter (ECal).
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Owing to its restricted acceptance it is impossible to restore all neutral pions directly.
That is why an original algorithm was developed to define a number of events with a cer-
tain multiplicity of pi0-mesons [8–12] and a number of events with the total multiplicity,
Ntot = Nch +N0, where N0 is the multiplicity of neutral pions.
Some collective phenomena are predicted in this region. the SVD Collaboration is aimed
to search for Bose-Einstein condensation (BEC) of pions [13–15], the peak structure at the
angular distributions stipulated for the Cherenkov radiation or the shock wave formation
[16], and the study of the anomalous yield of soft photons (pT < 100 MeV) [17] in high
multiplicity events.
The noticeable growth of a scaled variance (ratio of variance to average multiplicity)
was revealed in proton-proton interactions in the region of high total multiplicity [8–12].
In accordance with the Begun-Gorenstein model [13–15] of an ideal hadron gas, it can be
one of the indications of the pion BEC formation. The two-humped structure in angular
distribution is preliminary observed in events with multiplicity higher than the average one
[18, 19]. For prediction of behaviour of the topological cross sections in the high multiplicity
region the gluon dominance model (GDM) was offered [20, 21]. Studying the soft photon
yield puzzle is our following investigation at the U-70 and Nuclotron (JINR, Dubna) [22–24].
The description of topological cross sections with taking into account the high multiplicity
region in the framework of the GDM is added in section 2. Section 3 demonstrates how
the GDM improves this description with inclusion of a gluon fission. Estimation of the
charge-exchange contribution in the GDM is carried out in section 4. Section 5 states the
conclusions.
II. GLUON DOMINANCE MODEL
The gluon dominance model (GDM) [20, 21] is a modification of the two-stage model
(TSM) [25, 26]. The TSM describes well multiplicity distributions in e+e− annihilation in
a wide energy region. It is based on the convolution of a QCD quark-gluon cascade of an
initial quark pair and a hadronization stage. In accordance with experimental data, the
binomial distribution has been chosen for the description of hadronization.
The binomial distribution uses the following parameters: the average multiplicity nhq(g)
and the maximum number of hadrons Nq(g) resulting from quark (gluon) in their passing
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FIG. 1. Hadronization parameter of gluons nhg .
through this stage. The ratio of the quark and gluon parameters, α = nhg/n
h
q , reduces the
number of parameters at the hadronization stage to three. As it is shown in figure 1 the
parameter nhg is remaining approximately constant and close with 1 in a wide energy region
(from 10 up to 200 GeV). That behaviour of the TSM’s parameter is the confirmation of the
fragmentation mechanism of hadronization in vacuum: one gluon fragments in one hadron.
The main sources of secondary hadrons are gluons which are named active. Their mean
multiplicity grows with energy and it can be approximated by the logarithmic dependence
m = m0 log
√
s/
√
s0 shown in figure 2, where
√
s is the c.m.s. (center-of-mass system)
energy and m0 and s0 are the parameters.
As opposed to e+e− annihilation in pp interactions, it should take into account valency
quarks and nascent gluons which form an initial quark-gluon system. The comparison with
experimental data shows that multi-particle production is implemented by active gluons.
Valency quarks are staying in the leading particles as passive spectators [20, 21]. Just
in this case the description of topological cross sections becomes successful. Therefore, this
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FIG. 2. Mean multiplicity of active gluons in TSM.
model approach has got the name of the gluon dominance model (GDM). Two main schemes
were considered: with and without gluon fission. The comparison with experimental data
was carried out in both schemes which present convolution of two stages.
The quark-gluon system is formed and it is developed owing to active gluons. These
gluons can give a branch. This stage is described by the Poisson distribution with or without
addition of the Farry distribution (accounting of gluon fission). The hadronization (second
stage) is described by the binomial distribution. The topological cross sections in the scheme
without gluon fission have the following form
σn = σinel
∑
m
e−mmm
m!
(
mNg
n− 2
)(
nhg
Ng
)n−2 (
1− n
h
g
Ng
)mNg−n+2
(3)
The GDM describes well all experimental topological cross sections for pp interactions
from U-70 energy up to ISR energies [21]. The hadronization parameter of gluons nhg grows
from 1.5 at 50 GeV/c, U-70, up to 3.3 at 62.2 GeV, ISR [20, 21]. The growth of the
hadronization parameter is the evidence of the implementation of the recombination mech-
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FIG. 3. Description of σ(Nch) data [1, 2] by GDM (3) [20, 21] (solid line), model [27] (long dashed
line) and the negative binomial distribution [28] (short dashed line).
anism of hadronization. This stage occurs in quark-gluon medium but not in vacuum. In
figure 3 the topological cross sections at 50 GeV/c are presented. The region of low multi-
plicity was measured by the Mirabelle Collaboration [7]. The high multiplicity region was
supplemented by the SVD Collaboration [1, 2]. The GDM (3) is presented in this figure by
the solid line. The second model based on the KNO-function obtained from the relations
between the elastic and inelastic cross sections [27] is shown by a long dashed line, and the
third model based on the negative binomial distribution [28] is denoted by a short dashed
line. These models describe well the region of small multiplicity, but in the high multiplicity
region small overestimation is being observed for the negative binomial distribution [1, 2].
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FIG. 4. Topological cross sections σn versus charged multiplicity nch in the GDM. The dashed
blue line describes the contribution of single sources, the green line is the sources consisting of two
gluons of fission, the solid red line is their sum.
III. GLUON FISSION
It is known that gluons give branching at high energies. It becomes predominating and
gives an additional contribution to multiplicity. In the GDM it is taken into account in the
following way:
σn = α1
∑
m1
e−m1mm11
m1!
(
m1Ng
n− 2
)(
nhg
Ng
)n−2 (
1− n
h
g
Ng
)m1Ng−n+2
+
+ α2
∑
m2
e−m2mm22
m2!
(
2m2Ng
n− 2
)(
nhg
Ng
)n−2 (
1− n
h
g
Ng
)2m2Ng−n+2
, (4)
wherem1,2 are multiplicities of single and double gluon sources, n
h
h andNg are the parameters
of hadronization of gluons. In this scheme at the second stage the branching gluons give twice
times as large hadrons because they are sources consisting of two gluons (second summand
in σn). The ratio of two parameters α1/α2 is approximately equal to 1.8. The rest of the
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parameters do not almost change in comparison with (3).
In the double-logarithmic approximation [29] it was revealed that the emission of two
gluon jets formed by the fission process of a paternal quark (antiquark) is predominant with
increasing energy and can explain the angle broadening of secondary particles. This fission
can give the broadening of topological cross sections at high multiplicity [20, 21, 29]. In
figure 3, the comparison of measured topological cross sections [1, 7] with the GDM (solid
red line) is shown. In accordance with the GDM and taking into account the gluon fission
the topological cross section consists of two summands. The dashed green line presents the
contribution that appeared from the single gluon sources; the second summand (dashed blue
line) in (4) describes the contribution responsible for fission gluons. Obviously, taking into
account the gluon fission slightly improves the description of data.
The GDM has been modified for describing the topological cross section in the proton-
antiproton annihilation by introducing intermediate charged quark topologies. This modifi-
cation is based on the following things: well-known experimental fact of the leading of two
charged pions and an active role of gluons in multi-particle production of hadrons, which
follows from the GDM. Quark topologies are determined by the formation of three neutral
pions or two charged and one neutral pion from valent quarks only. Also, valent quarks
can be combined with quarks from the quark-gluon system. In this case, the number of
pions with valent quarks can increase up to 6. This scheme describes well the topologi-
cal cross sections ∆σn of the pure pp annihilation process, which are defined as differences
∆σn = σn(pp)− σn(pp) [20].
IV. CHARGE-EXCHANGE IN PP INTERACTIONS
The experiments show that the charge-exchange can be realized at the scattering of
protons off hydrogen or nucleus targets [30]. In this case, one of the protons gives its charge
to a neutral pion and turns into a neutron
p+ p→ p+ pi+ + n+Npi. (5)
In (5) Npi is the number of secondary pions and n is a neutron. The estimation of the charge-
exchange can be carried out in the inelastic channel 2→ 2. In accordance with the Mirabelle
data [7], the elastic and inelastic cross sections are equal to σ2,el = 6.90 mb and σ2,inel =
8
5.71 mb, respectively. Their ratio is equal to r = σ2,el/σ2,inel = 0.82. In the MGD the cross
section is σ2,el ∼ exp(−m) because the active gluons do not appear. Since we do not know
a contribution of the charge-exchange, we can use for σ2,inel the expression r · exp(−m). At
the same time σ2,inel can be represented as a sum of two summands
σ2,inel = σ
+ch
2,inel + σ
−ch
2,inel, (6)
with a charge-exchange (+ch) and without a charge-exchange (-ch). The GDM estimates
the second summand in (6) the the following way:
σ−ch2,inel ∼
∑
m
e−mmm
m!
(
1− n
h
Ng
)m·Ng−n+2
, (7)
when active gluons appear without formation of charged particles. Let P = σ2,inel/σ
−ch
2,inel
, then instead σ2,inel we use expression (7) with factor P and from fitting find P = 2.18.
Hence the coefficient of the charge-exchange
q = σ+ch2,inel/σ2,inel · 100%
consists of ' 50 % [31]. This estimation corresponds to the experimental data [30]. The
contribution of the charge-exchange is essential, and at small multiplicity it is necessary to
have that in mind.
V. CONCLUSION
In this review, the main results of high multiplicity study within the GDM have been
presented. The region of high multiplicity is unique, promising and fruitful. We expect that
new collective phenomena will be found out and our Collaboration will advance significantly
in understanding the multi-particle production especially at the hadronization stage.
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